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(54) Semiconductor device and its manufacture 
(57) [Abstract] 



[Problem] To propose an interlayer insulating film with excellent covering properties for 
level differences, low transmissivity and low hygroscopy. 

[Solution] An insulating film, which comprises a compound of silicon, oxygen, carbon 
and hydrogen, which is viscous at room temperature, with a viscosity of lOOcps to 
300,000cps, is used as the interlayer insulation 203 

[Claims] 

[Claim 1] A semi-conductor device characterised in that an insulation film, which 
comprises a compound of silicon, oxygen, carbon and hydrogen, with a greater content of 
carbon than the content of silicon, is used as at least one of the inter-layer insulation film 
and protective insulation film. 



[Claim 2] A semi-conductor device characterised in that an insulating film, which 
comprises a compound of silicon, oxygen, carbon and hydrogen, which is viscous at 
room temperature, with a viscosity of lOOcps to 300,000cps, is used as at least one of the 
inter-layer insulation film and protective insulation film. 

[Claim 3] A semi-conductor device, according to Claims 1 and 2, characterised in that the 
said insulation film has a specific inductive capacity from 1.8 to 3.2. 
[Claim 4] A semi-conductor device characterised in that it is furnished with a 
semiconductor substrate on which the elements are formed, a first insulation film 1 is 
fitted on top of this semiconductor substrate, multiple circuits, which are fitted on top of 
the first insulation film 1 and some of which are connected electrically to the said 
elements via contact apertures formed in the insulation film 1, a second insulation film 2, 
which is formed on the entire surface of the wiring circuits and on the said first insulation 
film 1 between the said wiring circuits, and which comprises a compound of silicon, 
oxygen, carbon and hydrogen with a higher content of carbon than of silicon, and a third 
insulation film 3, which is formed on the said second insulation film 2 and which is of a 
different material from the said second insulation film 2. 

[Claim 5] A method of manufacturing a semiconductor device characterised in that it 
comprises 

a process in which a first insulation film 1 is formed on a semiconductor substrate on 
which elements have been formed, * 

a process in which contact apertures are formed in the said first insulation film 1 and 
multiple circuits, some of which are connected electrically to the said elements, are 
formed on the said first insulation film 1 9 

a process in which a second insulation film 2, which comprises a compound of silicon, 
oxygen, carbon and hydrogen with a greater content of carbon than of silicon, is formed 
on the said first insulation film 1 between the said wiring circuits. 

and a process in which a third insulation film 3, which is of a different material than the 
second insulation film 2, is formed on the said wiring circuits and the second insulation 
film 2. 

[Claim 6] A semiconductor device characterised in that it has 
a first dielectric film, 
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an insulation film formed on this first dielectric film, 

a second dielectric film connected electrically to the first dielectric film via a contact 
aperture formed in the said insulation film, 

and in that, in the parts other than the said contact aperture, the viscosity of the parts of 
the said insulation film close to the interface with the said second dielectric film is at least 
10,000 cp and the viscosity of the parts which are not close to the interface with the 
second dielectric film is less than 10,000 cp. 

[Claim 7] A method of manufacturing a semiconductor device characterised in that it 
comprises 

a process in which an insulation film with a viscosity less than 10,000 cp is formed so as 
to cover a first dielectric film, 

and a process in which a second dielectric film, which connects electrically to the said 
first dielectric film, is formed on this insulation film, and also the viscosity of the part of 
the said insulation film in the vicinity of the surface is subjected to a viscosity-increasing 
process so that its viscosity is at least 10,000 cp. 

[Claim 8] A method of manufacturing a semiconductor device characterised in that it 
comprises 

a process in which a first insulation film with a viscosity of less than 10,000 cp is 
formed so as to cover a first dielectric film, 

a process in which a second insulation film with a viscosity of at least 10 3 000 cp is 
formed on this first insulation film, 

and a process in which a second dielectric film, connected electrically to the said first 
dielectric film is formed on this second insulation film. 

[Detailed Description of the Invention] 

[0001] 

[Technical field of the invention] The present invention relates to a semiconductor 
device characterised in that it has insulation films including interlayer insulation films 
and protective insulation films (passivation films) and its manufacture. 

[0002] 

(Prior art) In recent years, large-scale integrated (LSI) circuits, in which multiple 
transistors, resistances and other electrical circuits are integrated on a single chip, have 
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been widely used in the important parts of computer and other communication devices. 
Due to this, the performance of the whole device is dependent on the performance of 
individual LSI units. 

[0003] Improvement in the performance of individual LSIs may be achieved by 
increased integration, that is, by the increased miniaturisation of the elements. However, 
many problems are currently being experienced in further miniaturisation of elements. 

[0004] In the case of aluminium alloy circuits, for example, there has been progress in 
the reduction in circuit width and gaps between circuits but reduction in the circuit 
thickness has made only slow progress. Because of this, when a silicon oxide film is 
formed to cover aluminium alloy circuits, the silicon oxide film does not adequately 
enter and fill the grooves between the circuits, forming voids in the insulation film. 
These voids may contain residual oxygen etc, which gradually seeps out and causes 
corrosion of the aluminium alloy circuits. 

[0005] Also, in silicon oxide films of the prior art, thermal migration, which manifests 
due to the inherent film stress, that is, the large thermal stress. 

[0006] Methods by which a film may be caused to fill the minute grooves between 
circuits include a method involving spin-on-glass (SOG) coating followed by curing. 

[007] In this method, SOG must have a low viscosity in order for it to fill the minute 
grooves. Low-viscosity SOG shows considerable deposition contraction when it is cured, 
which may cause cracking or inadequate drying of moisture- Therefore, when this 
method is used, there is the problem that the aluminium alloy circuits may corrode in 
subsequent processes. 

[0008] On the other hand, in order to manufacture high-speed semiconductors of the 
next generation, it is preferable that the inter-layer insulation films that separate the 
aluminium alloy circuits should have a low dielectric constant. For example, silicon 
oxide films to which fluorine is added (fluorine-added silicon oxide films) have been 
regarded as hopeful to meet this requirement. 

[0009] However, since the hygroscopy increases if the fluorine content is increased to 
lower the dielectric constant, there is the problem that during the processing water is 
eluted from the fluorine-added silicon oxide film, its performance as an inter-layer film 
declines and the aluminium alloy circuits are corroded. 
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[0010] [Problems this invention is to solve] 

As stated above, when a silicon oxide film is used as an inter-layer insulation film, it has 
not been possible to fill the minute gaps (or grooves) between circuits without forming 
voids, since the groove filling characteristics are not good when a silicon oxide film is 
used. Due to this, there has been the problem of residual water between the circuits and 
the subsequent corrosion of the circuits. 

[001 1] Methods involving the application and heat hardening of low-viscosity SOG in 
the minute grooves between the circuits have been proposed. However, low-viscosity 
SOG shows great deposition contraction when cured and is liable to cracking and it is 
also likely that water will not be completely removed. Therefore, the problem of rusting 
of circuits may occur in subsequent processes. 

[0012] On the other hand, interlay er films of low dielectric constant fluorine-added 
silicon oxide has been regarded as promising for the manufacture of the next generation 
of high-speed semiconductors. However, if the fluorine content is increased in order to 
lower the dielectric constant, there is a problematic increase in hygroscopy, water is 
eluted from the fluorine-added silicon oxide film, its performance as an inter-layer film 
declines and the aluminium alloy circuits are corroded. 

[0013] The present invention, which has been made in consideration of these 
circumstances, has the object of proposing a semiconductor device which has insulation 
films which effectively fill the spaces between circuits and its manufacture. 

[0014] In particular, the invention as described in Claims 1, 2 and 3, proposes a 
semiconductor device which has either or both of an interlayer insulation film or 
passivation film with a low dielectric constant and low hygroscopy and which has better 
filling properties than the prior art. 

[0015] In particular, the invention as described in Claims 4 and 5 proposes a 
semiconductor device which has an insulation film with a low dielectric constant and low 
thermal stress and which has better filling properties than the prior art and a method of 
manufacturing this. 

[0016] In particular, the invention as described in Claims 6, 7 and 8 proposes a 
semiconductor device which has an effective insulation film, with few effects on 
subsequent processes (such as the contact aperture formation process, circuit forming 
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process and the like) and which has better filling properties (excellent covering properties 
for level differences) than the prior art and a method of manufacturing this. 

[0017] Structure of the invention] 

[0018] 

(Means by which the problems are solved) 

[Summary] In order to achieve the above object, the present invention is a semi- 
conductor device (as in claim 1) characterised in that an insulation film, which comprises 
a compound of silicon, oxygen, carbon and hydrogen, with a greater content of carbon 
than the content of silicon, is used as at least one of the inter-layer insulation films and 
passivation insulation films. 

[0019] Another semi-conductor device (as in claim 2) according to the invention 
characterised in that an insulating film, which comprises a compound of silicon, oxygen, 
carbon and hydrogen, which is viscous at room temperature, with a viscosity of lOOcps to 
300,000cps 5 is used as at least one of the inter-layer insulation films and passivation 
insulation films. 

[0020] Here, room temperature means a temperature range of 1 5~30°C. 

[0021] Another semi-conductor device according to the invention (as in claim 3) is 

characterised as the semi-conductor device as in Claims 1 and 2, and the said insulation 

film has a specific inductive capacity from 1,8 to 3,2 (preferably no greater than 2.5). 

Preferable embodiments of the invention described in Claims 1, 2 and 3 are as follows. 

[0022] (1) The said insulation film has a structure in which the main chain is —{Si (Ri)2 - 

O - Si (RO2 - O ™} n - in which Ri is C n H2n+i (where n is a positive integer). 

[0023] (2) The said insulation film has a structure in which the main chain is —{Si (Ri) 2 - 

O - Si (Ri) 2 - O -} n in which Ri is - O - C n H 2n +i (where n is a positive integer). 

[0024] (3) The said insulation film has a structure in which the main chain is —{Si (R\ R2) 

- O - Si (Ri R 2 - O -) } n - a in which Ri is C n H 2n +i (where n is a positive integer) and R 2 
is C m H 2m+ i (where m is a positive integer) and n and m are different. 

[0025] (4) The said insulation film has a structure in which the main chain is - {Si (Ri R 2 ) 

- O - Si (Ri R 2 - O -) } n - 5 in which Ri is - O - C n H 2 ii+i (where n is a positive integer) 
and R 2 is - O - C m H 2m +i (where m is a positive integer) and n and m are different. 
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[0026] (5) The said insulation film has a structure in which the main chain is -{Si (Ri R2) 
- O- Si (Ri R 2 - O -) } n in which Ri is - O -CnH 2 n+i (where n is apositive integer) 
or - C n H 2n +i (where n is a positive integer), R 2 is - O - C m H2ni+i (where m is a positive 
integer) or - C m H2nn-i (where m is a positive integer) and n and m are different, and Ri 
and R2 are linked via - O — to at least one matching Ri or R2 in another chain. 
[0027] (6) If the said insulation film is formed over a wide area, pillars made of a 
metallic material or an insulation material which is different from the insulation material 
of the said insulation film are fitted in the said insulation film in order to create resistance 
to the flow or deformation of the said insulation film, so that no deformation occurs even 
if a stress is applied to the said insulation film. 

[0028] (7) Since the viscosity of the parts near the surface of the said insulation film is 
higher than the other parts, no deformation occurs even if a stress is applied to the said 
insulation film. 

[0029] (8) No reaction occurs in the film and no moisture is eluted, at any temperature up 
to 650°C. 

[0030] (9) The said insulation film is formed by a CVD method. 
[0031] (10) In the said CVD method the substrate temperature is set to be between the 
melting point and the boiling point of the raw material gases or the reaction intermediate 
gases produced when the raw material gases are reacted in the gaseous phase. 
[0032] Another semiconductor device according to the invention (as described in Claim 
4), characterised in that it is furnished with a semiconductor substrate on which the 
elements are formed, a first insulation film 1, which is fitted on top of this semiconductor 
substrate, multiple circuits, which are fitted on top of the first insulation film 1 and some 
of which are connected electrically to the said elements via a contact aperture formed in 
the first insulation film 1, a second insulation film 2 5 which is formed on the entire 
surface of the wiring circuits and on the said first insulation film 1 between the said 
wiring circuits, and which comprises a compound of silicon, oxygen, carbon and 
hydrogen with a higher content of carbon than of silicon, and a third insulation film 3 
which is formed on the said second insulation film 2 and which is of a different material 
from the said second insulation film 2. 
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[0033] A method of manufacturing a semiconductor device (as described in Claim 5) 
characterised in that it comprises processes whereby a first insulation film 1 is formed on 
a semiconductor substrate on which elements are formed, a contact aperture is formed in 
the said first insulation film 1 and multiple circuits, some of which are connected 
electrically to the said elements via the said contact aperture, are formed on the said first 
insulation film, a second insulation film 2, which comprises a compound of silicon, 
oxygen, carbon and hydrogen with a greater content of carbon than of silicon, is formed 
on the said first insulation film 1 between the said wiring circuits and a process in which 
a third insulation film 3, which is of a different material than the second insulation film 2, 
is formed on the said wiring circuits and the second insulation film 2. 

[0034] In the invention (as in Claims 4 and 5) it is preferable that the second insulation 
film 2 is formed by a CVD method with the substrate temperature set within the range - 
70 to 50°C, using organic silane and oxygen in a state of excitation as film-forming 
materials. 

[0035] In the present invention (Claims 4 and 5) for the materials to be different means 
both a case in which the elements used in the materials are the same but the proportions 
of the elements in the materials are different and a case in which the elements used in the 
materials are different. 

[0036] Also, in the present invention (Claims 4 and 5), the film thickness of the third 
insulation film 3 on the upper surface of the second insulation film 2 should preferably be 
thinner than the film thickness of the third insulation film 3 over the first insulation film 1 
between the circuits. 

[0037] It is preferable that the first and third insulation films are silicon oxide films. 

[0038] Another semiconductor device according to the invention (in Claim 6) is a 
semiconductor device characterised in that it has a first dielectric film 1 s an insulation 
film covering this first dielectric film, a second dielectric film 2 connected electrically to 
the first dielectric film 1 via a contact aperture formed in the said insulation film, and in 
that, in the parts other than the said contact aperture, the viscosity of the parts of the said 
insulation film 2 close to the interface with the said insulation film is at least 10,000 cp 
and the viscosity of the parts which are not close to the interface with the second 
dielectric film is less than 10,000 cp. 
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[0039] Another method of manufacturing the semiconductor according to the invention 
(as in Claim 7) is a method of manufacturing a semiconductor device characterised in that 
it comprises a process in which an insulation film with a viscosity less than 10,000 cp is 
formed so as to cover a first dielectric film 1, and a process in which a second dielectric 
film 2 3 which connects electrically to the said first dielectric film 1, is formed on this 
insulation film, and also in that the viscosity of the part of the said insulation film in the 
vicinity of the surface is subjected to a viscosity-increasing process so that its viscosity is 
at least 10,000cp. 

[0040] Another method of manufacturing the semiconductor according to the invention 
(as in Claim 8) is one characterised in that it comprises a process in which a first 
insulation film with a viscosity of less than 10,000 cp is formed so as to cover a first 
dielectric film, a process in which a second insulation film with a viscosity of at least 
10,000 cp is formed on this first insulation film and a process in which a second dielectric 
film, connected electrically to the said first dielectric film is formed on this second 
insulation film. 

[0041] Preferable embodiments of the present invention (Claims 6—8) are described 
below. 

[0042] (1) In the present invention (Claim 6), the viscosity of the part of the second 
insulation film near the interface at the side wall of the contact aperture of the insulation 
film is to be at least 10,000cp. 

[0043] (2) In the present invention (Claim 7), the process in which the viscosity of the 
part of the insulation film near the surface is made to be at least 10,000cp is a process in 
which the said insulation film is exposed to a plasma of a gas containing at least oxygen 
atoms. 

[0044] (3) In the present invention (Claims 7 and 8), the process in which the viscosity 
of the part of the insulation film near the surface is made at least 10,000 cp is a process in 
which the said insulation film is exposed to a gas containing oxygen radicals, ozone or 
hydrogen radicals* 

[0045] (4) In the present invention (Claims 7 and 8) the process by which viscosity of 
the area near the surface of the insulation film is made to be at leas 10,000 cp is one in 
which it is irradiated with approximately 2.6-3. 5]im infrared light. 



9 



[0046] (5) In the present invention (Claims 7 and 8) 3 the process in which the viscosity 
of the part of the insulation film near the surface is made at least 10,000cp is a process in 
which the said insulation film is irradiated with ultraviolet light with a wavelength of 
142~308nm. 

[0047] (6) In the present invention (Claims 7 and 8), the process in which the viscosity 
of the part of the insulation film near the surface is made at least 10,000cp is a process in 
which the said insulation film is exposed to microwaves in a gas containing molecules 
with oxygen, an inert gas or a reduced pressure atmosphere. 

[0048] (7) Li the present invention (Claims 7 and 8), the process in which the viscosity 
of the part of the insulation film near the surface is made at least 10,000 cp is a process in 
which the substrate on which the said insulation film is formed, is heated so that the 
temperature rises at a rate of at least 10°C per second until it reaches a temperature of 
450°C or a temperature lower than this* 

(8) In the present invention (Claims 7 and S) 3 the process in which the viscosity of the 
part of the insulation film near the surface is made at least 10,000 cp is a process in which 
the substrate on which the said insulation film is formed is heated so that the temperature 
rises at a rate of at least 10°C per second until it reaches a temperature between 450°C 
and 700°C. 

[0049] (9) Manufacturing equipment for a semiconductor device which has a first 
dielectric film 1, an insulation film formed so as to cover the first dielectric film 1, and a 
second dielectric film 2 which is connected electrically to the first dielectric film via a 
contact aperture in the said insulation film, should be such that it is capable of performing 
continuously and in a continuously maintained vacuum a process in which an insulation 
film with a viscosity of less the 10,000 cp is formed so that it covers the first dielectric 
film and a process in which the viscosity of the part of the insulating film near its surface 
is given a viscosity of at least 10,000 cp. 

[0050] (10) In the manufacturing equipment described in (9), the processes that are 
performed continuously with vacuum maintained are performed in the same vacuum 
chamber. 

[005 1] (1 1) In the present invention (Claim 6), the insulation film as in (1) is formed 
using a CVD method. 
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[0052] (12) In (2) ~ (8), the present invention (Claims 7 and 8), the insulation film is 
formed using a CVD method. 

[0053] (13) In (9) and (10), the insulation film is formed using a CVD method. 
[0054] (14) In the present invention (Claim 6) (1), the near-surface part of the second 
dielectric film at the side wall of the contact aperture in the insulation film is such that it 
meets a maximum film thickness of the said insulation film T max , and 3 when the 
maximum distance of the said near-surface part from the surface of the second dielectric 
film is d mwc , then d max < 0.1 T maX9 . 

[0055] (15) In the present invention (Claim 6) (1), the near-surface part of the second 
dielectric film at the side wall of the contact aperture in the insulation film is such that it 
meets a maximum film thickness of the said insulation film d max , and* when the maximum 
distance of the said near-surface part from the surface of the second dielectric film is d max , 
then lOnm <^ d max lOOnm. 

[0056] (16) In (IX the near-surface part of the second dielectric film at the side wall of 
the contact aperture in the insulation film is that part that meets the condition d max <= 0. 1 
T m ax- when maximum film thickness of the said insulation film is T max , and the maximum 
distance of the said near-surface part from the side wall of the said insulation film is d mttx , 
(17) In (1), when the maximum distance of the said near-surface part of the second 
dielectric film from the side wall of the contact aperture of the insulation film is d max , the 
part near the interface with the insulation film 2 at the side wall of file via-hole in the 
insulation film is that part that meets the condition lOnm d max <^ lOOnm. 
[0057] (18) In the present invention (Claim 7), (2)~(8), (9) and (10), the near-surface part 
of the dielectric film at the side wall of the contact aperture in the insulation film is such 
that it meets a maximum film thickness of the said insulation film T maxy and, when the 
maximum distance of the said near-surface part from the surface of the second dielectric 
film is d maxy then d max < 0.1 T max , 

[0058] (19) In the present invention (Claim 7), (2)~(8), (9) and (10), when the maximum 
distance of the said near-surface part from the surface of the second dielectric film is 
d mas , then lOnm <L d max <^ lOOnm. 

[0059] (20) Manufacturing equipment for a semiconductor device which has a first 
dielectric film, an insulation film formed so as to cover the first dielectric film, and a 
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second dielectric film which is connected electrically to the first dielectric film via a 
contact aperture in the said insulation film should be such that it is capable of performing, 
continuously and maintaining vacuum, a process in which an insulation film with a 
viscosity of less the 10,000 cp is formed so that it covers the first dielectric film and a 
process in which a second insulation film with a viscosity of over 10,000 cp is formed on 
the first insulation film. 

[0060] (21) In the manufacturing equipment described in (20), the processes that are 
performed continuously with vacuum maintained are performed in the same vacuum 
chamber. 

[0061] (22) In the present invention (Claim 7), the said viscosity-increasing process is 
performed either before or after, or both before and after, the process in which a contact 
aperture for the electrical connection of the said first dielectric film and the said second 
dielectric film is formed. The performance of the viscosity-increasing process before 
formation of the contact aperture is preferable for the formation of a well-formed resist 
pattern and a contact aperture with a good shape. When it is performed after the 
formation of the contact aperture, the said process is performed on the walls of the said 
contact aperture and any deterioration of characteristics is prevented by, for example, 
subsequent exposure to sputter plasma. 

[0062] (Actions) If the carbon content of an insulation film comprising a compound of 
silicon, oxygen, carbon and hydrogen, is made greater than the silicon content, it 
becomes viscous at room temperature (viscosity: from 100 cps to 300,000 cps), resulting 
in an improvement in the filling of the fine grooves, 

[0063] For example, it is clear that this can fill grooves with a higb aspect ratio, greater 
than 1, without the creation of any voids. 

[0064] It is known that such a viscous insulation film, comprising a compound of silicon, 
oxygen, carbon and hydrogen, has a lower dielectric constant and hygroscopy. It is for 
example, possible to achieve a low dielectric constant in the range 1 .8 to 3.2. This is also 
stable up to a temperature of 650°C, without any water being eluted. 
[0065] Therefore, in the present invention (Claims 1, 2 and 3), in which such an 
insulation film is used as an interlayer insulation film and passivation film, it is possible 
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to achieve an interlayer insulation layer with lower hygroscopy, a lower dielectric 
constant and better filling characteristics than the prior art. 
[0066] Since the said insulation film is very viscous, it has small thermal stress. 
[0067] In the present invention (Claims 4, 5 and 6) in which the said insulation film is 
used as a second insulation film (interlayer film), it is possible to obtain a semiconductor 
device with a second insulation film (interlayer film) with lower hygroscopy, a lower 
dielectric constant and better filling characteristics than the prior art and a method of 
manufacturing this. 

[0068] Since, when such a second insulation film (interlayer insulation film) is formed 
on an aluminium circuit etc, a large thermal stress is not imposed on the circuit, it is 
possible to effectively prevent stress migration. 

[0069] In the present invention (Claims 4 and 5), the said a third insulation film, which is 
of different material from the second insulation film, is formed on the second insulation 
film* Problems caused by the said second insulation film are prevented by this third 
insulation film. 

[0070] For example, if the third insulation film is the same as the interlayer insulation 
film of the prior art, there is no need to take the characteristics of the second insulation 
film into consideration when the upper layer of circuits is formed and it is thus possible to 
form the upper layer of circuits by the same method as in the prior art. 
[0071] In the present invention (Claims 6, 7 and 8), since not all of the insulation film is 
made less viscous by the viscosity of the part formed as the upper layer of the dielectric 
layer being raised, the filling characteristics are better than in the prior art and, moreover, 
there is little effect on subsequent processes (such as the process of forming the Contact 
aperture and the circuit forming process)* 

[0072] Specifically this is as follows. It is known that low-viscosity, low dielectric 
constant and low-hygroscopy insulation film (corresponding to the less than 10,000 cp 
insulation film according to the invention) may be obtained by the use of a condensation 
CVD method. 

[0073] When the metal film that will become the circuits is formed on this kind of low- 
viscosity insulation film by magnetron sputtering or other sputtering method, the surface 
of the insulation film is badly damaged by the plasma used in the sputtering. 
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[0074] Due to this, a part of the chemical bonds of the molecules forming the insulation 
film are cut or irregularities are formed on the interface between the insulation film and 
the circuits formed on its upper surface (equivalent to the second dielectric film 
according to the invention), and consequently, there is a tendency for problems to occur, 
including leaks between the two circuits separated by the insulation film (equivalent to 
the first and second dielectric film according to the invention) and deterioration in the 
insulation properties of the insulation film. 

[0075] If, however, as in the present invention, there is an increase in the viscosity of the 
part of the insulation film at which the upper layer of the second dielectric film is formed, 
there is a sufficient decrease in the damage caused by plasma etc to the surface of the 
insulation film, and any deterioration in the insulating properties of the insulation film is 
effectively prevented. 

[0076] When a contact aperture connecting the circuits is formed in a low-viscosity 
insulation film, the location and/or shape of the contact aperture (via-hole) becomes 
unstable due to deformation of the insulation film but it is possible to solve such 
problems related to the said via-hole if, as in the invention, viscosity is partially increased 
at that location. 
[0077] 

(Embodiments of the invention) Below, embodiments of the invention are described in 
greater detail with reference to figures. 

[0078] (Embodiment 1) Figure 1 is a typical diagram showing the simplified structure of 

a semiconductor manufacturing equipment used for the embodiment of Invention 1. 

[0079] In the figure, 1 is a vacuum chamber, which is connected to an exhaust device (not 

shown) via exhaust port 2. The vacuum chamber 1 can be exhausted to a high vacuum by 

the said exhaust device and the vacuum achieved is at least 2 x 10' 7 Torr. 

[0080] A stainless steel substrate supporting stand 3 is fitted in the vacuum chamber 1 

and a silicon substrate is supported by this substrate supporting stand 3. 

[0081] Tubes for the supply of the various gases are connected to the said vacuum 

chamber L Thus, the stainless steel tube 5 for the supply of oxygen, stainless steel tube 

15 for the supply of tetramethyl silane (Si (CHs)^ TMS) and stainless steel tube 30 for 

the supply of nitrogen are connected to the vacuum chamber 1 . The tube 5 which 
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supplies oxygen (the oxygen supply equipment is omitted for simplicity) is connected to 
an AI2O3 tube 1 1 via a stop valve 6, mass flowmeter 7, stop valve 8 and attachment 9. 
[0082] This AbOa tube 11 is connected to the vacuum chamber 1 via an attachment 12. 
Also, a microwave discharge cavity 10 is fitted in the course of this AI2O3 tube 1 1 , The 
microwave power source and microwave supply system are not shown. 
[0083] The tube 1 5 for the supply of TMS (for simplicity the supply mechanism for TMS 
is not shown) is connected to the vacuum chamber 1 via a stop valve 16, mass flowmeter 
17, stop valve 18 and stainless steel tube 19. 

[0084] In order for the nitrogen gas flowing in the tube 30 (for simplicity the supply 
mechanism for nitrogen is not shown) to be applied to the silicon substrate 4, the interior 
of the vacuum chamber 1 may be restored to atmospheric pressure, or the pressure of the 
vacuum chamber 1 adjusted so that the time during which the temperature of the cooled 
silicon substrate 4 is returned to room temperature is shortened. 

[0085] The nitrogen gas may also flow due to the pressure adjustment when the silicon 
oxide film is deposited on the silicon substrate 4. 

[0086] The tube 30 is connected to the vacuum chamber 1 via a stop valve 3 1, mass 
flowmeter 32, stop valve 33 and stainless steel tube 34. 

[0087] Copper tubes 35 and 35' for the heating and cooling of the substrate supporting 
stand (the copper tube 35 is a copper tube on the gas supply side and copper tube 35' is a 
copper tube on the gas outlet side) are fitted in the interior of the substrate supporting 
stand 3 and these copper tubes 35 and 35 s are connected to the device for the supply of 
cooled nitrogen gas and room-temperature nitrogen gas shown in Figure 2, 
[0088] Described simply, the gas supply device shown in Figure 2 is as follows. In the 
figure, 101 is a tube carrying nitrogen and this tube 101 is connected to a nitrogen supply 
device (not shown). The tube 101 is connected to the tube 35 for the heating and cooling 
of the substrate stand shown in Figure 5, via a stop valve 102., mass flowmeter 103, and 
stop valves 104 and 105. 

[0089] The branch tubes 106 and 109 branch off on each side of the stop valve 105. 
The branch tube 106 is connected to a spiral tube 108 via a stop valve 107 and this spiral 
tube 1 08 is connected via a stop valve 1 10 to the branch tube 109 and this branch tube 
109 is connected to the tube 35, as shown in Figure 1. 
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[0090] The spiral tube 108 is hnmersed in liquid nitrogen 112 stored in a liquid nitrogen 
vat 111 and the nitrogen gas flowing in the spiral tube 108 is cooled to approximately the 
temperature of the said liquid nitrogen, 

[0091] When it is wished to cool the silicon substrate 4, the spiral tube 108 is opened and 
when the film formation of the silicon oxide film is completed and it is wished to return 
this to room temperature, the valve 105 is opened and room-temperature nitrogen gas is 
fed to the tube 35. 

[0092] Due to this, nitrogen gas controlled by the mass flowmeter is cooled by liquid 
nitrogen and flows from copper tube 35 to copper tube 35' and it is thus possible to cool 
the substrate supporting stand 3 and silicon 4 to a specified temperature. 
[0093] Returning to Figure 1, the substrate supporting stand 3 is fitted with a sheath 
heater 36, a heat source for heating, and the silicon substrate 4 can be heated to a 
specified temperature by this sheath heater 36. The power source for this sheath heater 
36 is not shown. The walls of the vacuum chamber 1 have a double structure and are 
fitted with a heat source 41 which heats the surface of the walls and a thermal insulation 
42. In this embodiment, the wall temperature of the vacuum chamber 201 is 80°C. The 
power source for the heat source 41 is not shown. 

[0094] Next, a method of forming an interlayer insulation film using the semiconductor 
manufacturing device constituted as described above is described. 
[0095] First the vacuum chamber 1 *is returned to atmospheric pressure and silicon 
substrate, 4 with the desired elements formed on it, is placed on the substrate supporting 
stand 3. At this time the silicon substrate 4 may also be moved automatically from a 
preparatory chamber, which has been evacuated, into the vacuum chamber 1 , using a 
robot arm. 

[0096] Next the interior of the vacuum chamber 1 is evacuated via exhaust port 2 to that 
target vacuum. The target vacuum at this time is to be higher than IX 10" 7 Torr 
[0097] Next cooled nitrogen gas is allowed to flow between copper tube 35 and pipe 35 \ 
and this cools the silicon substrate 4. The temperature of the substrate supporting stand 3 
is set to be in the range -100 to -25°C. The temperature of the silicon substrate 4 at this 
time is to be in the range -80 to -25°C. 
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[0098] Next, after it is confirmed that the substrate temperature has stabilised at the 
specified temperature, the TMS mass flowmeter 17 is set at 1 — 100 cmVmin, stop valves 
16 and 18 are opened and TMS is introduced into the vacuum chamber 1 . 
[0099] Furthermore, the oxygen mass flow valve 10 is set to 1 — 1000 cmVmin, the stop 
valves 1 6 and 1 8 are opened and oxygen is introduced into the vacuum chamber 1 . At 
this time, the pressure inside the vacuum chamber 201 can be kept at approximately 
lOmTorr — 500 Torr by varying the conductance of the exhaust port 2. In detail, the TMS 
partial pressure is 2—200 Torr and the oxygen partial pressure is 2-400 Torr. 
[0100] After the oxygen flow has been stabilised, microwave energy is applied at 100—5 
kWatt to cause an oxygen microwave discharge. By varying the film forming time, with 
the time of the microwave oxygen discharge being the start of film-forming, an interlayer 
insulation film comprising a compound of silicon, oxygen, carbon and hydrogen, is 
deposited on the silicon substrate 4. 

[0101] This deposition is ended by the following procedures. 

[0102] First the output of microwave energy is ended and the microwave discharge 

stopped. The time at which this is stopped is the time at which deposition is ended, 

[0103] Next stop valves 28 and 18 are closed and the supply of TMS stopped and then 

the stop valve 8 is closed and the supply of oxygen stopped. 

[0104] Next the supply of cooled nitrogen gas along the copper tubes 35 and 35' is 

stopped by the procedures described below and room temperature nitrogen gas is allowed 

to flow. 

[0105] At this time, the nitrogen mass flowmeter 32 is set to 1—10 1/min, the stop valves 
3 1 and 33 are opened and nitrogen gas is introduced in the vacuum chamber 1 from the 
tube 34 and the silicon substrate 4 is returned to approximately room temperature with 
the pressure in the vacuum chamber at almost atmospheric pressure. 
[0106] Finally, the interior of the vacuum chamber 1 is returned to atmospheric pressure, 
the silicon substrate 4 is removed and, if necessary, the next silicon substrate is placed on 
the substrate supporting stand 3. The forming of one interlayer insulation film is thus 
completed. 
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[0107] Li this embodiment an interlayer film comprising a compound of silicon, oxygen, 
carbon and hydrogen, is formed under film-forming conditions such that the carbon 
content is greater than the silicon content. 

[0108] If, in an interlayer film comprising a compound of silicon, oxygen, carbon and 
hydrogen, the carbon content is greater than the silicon content, it is viscous at room 
temperature and thus has a greater covering capability for differences in level, 
[0109] It is clear that a viscous insulating film comprising a compound of silicon, 
oxygen, carbon and hydrogen has both a lower dielectric constant and lower hygroscopy* 
[0110] Therefore, in this embodiment, it is possible to obtain a passivation film and 
interlayer insulation film with good level difference covering properties, low dielectric 
constant and low hygroscopy. 

[01 1 1] (Embodiment 2) Figure 3 shows a method of manufacturing a second embodiment 
of a semiconductor device according to the invention. This example relates to the 
application of this to an interlayer insulation film according to the invention. 
[01 12] Figure 3(a) shows a sectional view of the process before forming an interlayer 
insulation film. Thus in Figure 3(a) a process in which the elements are separated, a 
silicon oxide film 202 is formed on a silicon substrate 201 on which the elements are 
formed and then contact apertures are formed selectively in the silicon oxide film 202 in 
areas where electric contact can be made and then an Al — l%,Si - 0,5%Cu (an 
aluminium alloy film), which will become the aluminium alloy circuit 203, is deposited 
and a circuit pattern is applied to the aluminium alloy film. 

[01 13] Next, the silicon substrate 201 is placed on the substrate supporting stand 3 in the 
vacuum chamber 1 of the semiconductor manufacturing device used for Embodiment 1, 
and an interlayer insulation film 204 is formed over the entire surface of the substrate, 
following the procedures shown in Embodiment 1 , as shown in Figure 3(b). 
[0114] Specifically, for example, an interlayer insulation film is formed under the film- 
forming conditions of a TMS flow of 20cm 3 /min, an oxygen flow rate of 200cm 3 /min, a 
deposition pressure of 0.2 Torr, microwave electrical power of 200 Watt, substrate 
temperature of -30°C and an application time of 2 minutes. The film-forming condition 
for interlayer insulation film 204 is approximately 0.5|jm/min. 
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[01 15] If this material is examined using a scanning electron microscope, as shown in 
Figure 3(b) the interlayer insulation film 204 liquid is observed to be deposited like a 
shallow cup from the bottoms of the trench grooves between the circuits 203 and there 
are no evident voids between the circuits 203. 

[0116] The present inventors formed an insulation film on a smooth-surfaced silicon 
substrate following the methods described above, and analysed it transmissivity using a 
Fourier transform infrared spectroscope. 

[0117] The results of this showed that the visible absorption peals were a Si - O - Si 
rocking peak and a Si — CH3 absorption peak. The proportion of the Si — CH3 to the Si - 
O - Si peak was 10 - 50%. 

[0118] Since there is also a detection sensitivity problem, it is not possible to simply 
detect the contents but if a chemical wet method, in which the entire insulation film is 
dissolved, is used and the contents assessed using atomic absorption, the proportions of 
carbon and silicon are found to be from 1 : 1 to 30 : 1 . Thus, the carbon content is greater 
in all of these cases 

[0119] Also, in all cases, if the target vacuum in the vacuum chamber 1 is low, an H2O 
peak is seen. Accordingly, the target vacuum in the vacuum chamber 1 should be as high 
as possible. 

[0120] The said insulating film and interlayer insulation film 204 is a highly viscous 
(high-viscosity) insulator rather thaii an insulation film. This viscosity is measured as 
100 ~ 300,000 cps and the dielectric constant is in the range 1.8 ~ 3.2. 
[0121] Also when the water absorption of said insulating film and interlayer insulation 
film 204 is examined, there is almost no water absorption after it has been left in 
atmosphere for 2 days. 

[0122] Also, in order to examine the thermal stability of the said insulating film and 
interlayer insulation film 204, it was heated in vacuo up to 650°C and the gas given off 
was analysed using a mass analyser and it was found that a small quantity of H2O was 
detected at 300°C and subsequently up to 300~650°C, no H2O peak was detected. 
[0123] Also, when sample (Sample A) in which a 0.5|jm silicon oxide film was formed 
on a silicon substrate, then a 0.9jxm aluminium alloy film was formed using conventional 
magnetron sputtering, before aluminium circuits were formed using conventional 
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photoelectric light and reactive ion sputtering and a 2 fxm thick insulation film was 
formed on the surface of this substrate using the method used for this embodiment and a 
sample (Sample B) in which a 2jim thick silicon oxide film was formed on the substrate 
using a conventional CVD method were subjected to an electrical reliability test, it was 
found that Sample A had overwhelmingly greater reliability. 

[0124] Since the interlayer insulation film 204 of this embodiment has viscosity, it is 
softer than conventional silicon oxide films of the prior art. Also, the fact that the 
electrical reliability of the silicon oxide film 204 is greater than that of conventional 
silicon oxide films of the prior art, is because, since silicon oxide film 204 is soft, it does 
not have the stress that silicon oxides of the prior art has and there are no faults arising 
from thermal stress. 

[0125] (Embodiment 3) Figure 4 is a typical diagram showing the simplified structure of 
a semiconductor manufacturing equipment used for the embodiment of Invention 3. 
[0126] In the figure, 301 is a vacuum chamber, which is connected to an exhaust device 
(not shown) via an exhaust port 202. The vacuum chamber 301 can be exhausted to a 
high vacuum by the said exhaust device and the vacuum achieved is at least 2 x 10" 7 
Torr. 

[0127] A stainless steel substrate supporting stand 303 is fitted in the vacuum chamber 
301 and a silicon substrate 304 is supported by this substrate supporting stand 303, 
[0128] Multiple tubes for the supply of the various gases are connected to the said 
vacuum chamber 301. Thus, the stainless steel tube 305 for the supply of oxygen, the 
stainless steel tube 315 for the supply of TMS or other organic silane and the stainless 
steel tube 330 for the supply of nitrogen are connected to the vacuum chamber 30L 
[0129] The tube 305, which supplies oxygen (the oxygen supply equipment is omitted for 
simplicity), is connected to an AI2O3 tube 3 1 1 via a stop valve 306, mass flowmeter 307, 
stop valve 308 and attachment 309. This A1 2 0 3 tube 3 1 1 is connected to a stainless steel 
tube 313 via an attachment 312 and this stainless steel tube 313 is connected to the 
vacuum chamber 30 1 . 

[0130] Also, a microwave discharge cavity 310 is fitted in the course of the AI2O3 tube 
311. (For simplicity, the microwave power source and microwave supply system are not 
shown.) 
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[0131] The stainless steel tube 313 is connected to a shower head 314 opposite the 
substrate supporting stand 303 in the vacuum chamber 301 . Oxygen from the stainless 
steel tube 313 is fed into the area of the substrate supporting stand 303 via the shower 
head 314 and reacts with TMS before it reaches the substrate. The shower head 314 may 
be heated or cooled to keep it at a specified temperature in the range -70 to 100°C. (For 
simplicity the heat source and control mechanism are not shown,) 
[0132] The tube 315 for the supply of TMS (for simplicity the supply mechanism for 
TMS is not shown) is connected to the vacuum chamber 301 via a stop valve 316, mass 
flowmeter 317, stop valve 318 and stainless steel tube 319, 

[0133] If flow adjustment can be performed, a needle valve may be used in place of the 
mass flowmeter 317. 

[0134] The stainless steel tube 319 is connected to the shower head 314 in the vacuum 
chamber 301. Thus, when oxygen and TMS are fed in, the gases are mixed at the shower 
head 314, where they are partially reacted, and the mixed gases are then fed to the 
substrate. 

[0135] However, the use of the shower head 314 is not essential to the invention as the 
same effect may be achieved if organic silane and activated oxygen gas are conveyed 
separately to near the surface of the substrate. 

[0136] The nitrogen gas may be fed from the tube 330 (for simplicity the supply 
mechanism for nitrogen is not shown) so that either the interior of the vacuum chamber 
301 may be restored to atmospheric pressure for the removal or insertion of the substrate 
304, or to reduce the time required for the temperature of the cooled silicon substrate 304 
to be returned to room temperature. 

[0137] The tube 330 is connected to the vacuum chamber 301 via a stop valve 331 7 mass 
flowmeter 332, stop valve 333 and tube 334. 

[0138] Copper tube 335 (335 is the tube for gas on the supply side and 335 3 is on the 
exhaust side) is fitted inside the stainless steel substrate supporting stand 303 and the 
copper tube 335 is connected to a supply device for cooled nitrogen and room- 
temperature nitrogen gas. 
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[0139] The substrate supporting stand 303 is fitted with a sheath heater 336, a heat 
source for heating, and the substrate supporting stand 303 can be heated to a specified 
temperature by this sheath heater 336. 

[0140] The power source for this sheath heater is not shown. The walls of the vacuum 
chamber 301 have a double structure and are fitted with a heat source 341 which heats the 
surface of the walls and a thermal insulation material 342 (for simplicity, the power 
source for the heat source 41 is not shown). Ih this embodiment, the wall temperature of 
the vacuum chamber 301 is 80°C. 

[0141] Next, a method of forming an interlayer insulation film using the semiconductor 
manufacturing device constituted as described above is described. 

[0142] First, the vacuum chamber 301 is returned to atmospheric pressure and a substrate 
304 is placed on the substrate supporting stand 303. At this time the silicon substrate 304 
may also be moved automatically from a preparatory chamber, which has been 
evacuated, into the vacuum chamber 301 via a gate valve, using a robot arm. 
[0143] Next the interior of the vacuum chamber 301 is evacuated via exhaust port 302 to 
that target vacuum. The target vacuum at this time is to be higher than 1X10". 
[0144] Next cooled nitrogen gas is allowed to flow between copper tube 335 and copper 
pipe 335% and this cools the silicon substrate 304. The temperature of the substrate 
supporting stand 303 is set to be in the range -100 to 25°C. The temperature of the silicon 
substrate 304 at this time is to be in*the range -80 to 25°C. 

[0145] Next, after it is confirmed that the substrate temperature has stabilised at the 
specified temperature, the TMS mass flowmeter 317 is set at 1 ~ 100 cmVmin, stop 
valves 316 and 318 are opened and TMS is introduced into the vacuum chamber 30 L 
[0146] Furthermore, the oxygen mass flow valve 310 is set to 1 - 1000 cmVmin, stop 
valves 306 and 308 are opened and oxygen is introduced into the vacuum chamber 301 . 
[0147] At this time, the pressure inside the vacuum chamber 301 can be kept at 
approximately lOmTorr ~ 500 Torr by varying the conductance of the exhaust port 302. 
In detail the TMS partial pressure is 2m~200 Torr and the oxygen partial pressure is 
2mTorr~400 Torr. 

[0148] After the oxygen flow has been stabilised, microwave electrical power is applied 
at lOOWatt ~ 5 kWatt to cause an oxygen microwave discharge. An interlayer insulation 
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film comprising oxidised silicon oxide is deposited on the silicon substrate 304 by 
varying the film forming time, from its start point at the time of microwave oxygen 
discharge. 

[0149] The description of this embodiment involves a case in which activated oxygen 
gas is introduced directly into the vacuum chamber 301 but, since the oxygen gas mass 
flowmeter and microwave resonance do not readily stabilise, it is better to let this flow 
into a bypass until this stabilisation is reached, and introduce it into the vacuum chamber 
301 after stabilisation is attained. 

[0150] Film-forming is ended by the following procedures. 

[0151] First the output of microwave energy is ended and the microwave discharge 
stopped- The time at which this is stopped is the time at which deposition is ended. 
[0152] Next, stop valves 328 and 318 are closed and the supply of TMS stopped and then 
the stop valve 308 is closed and the supply of oxygen stopped. 
[0153] Next the supply of cooled nitrogen gas along the copper tubes 335 and 335' is 
stopped by the procedures described below and room temperature gas is allowed to flow. 
[0154] At this time, the nitrogen mass flowmeter is set to 1-101/min, the stop valves 331 
and 333 are opened and nitrogen gas is introduced in the vacuum chamber 301 from the 
tube 334 and the pressure in the vacuum chamber is returned to almost atmospheric 
pressure. 

[0155] Finally, the interior of the vacuum chamber 301 is returned to atmospheric 
pressure, the silicon substrate 304 is removed and, if necessary, the next silicon substrate 
is placed on the substrate supporting stand. The forming of one silicon oxide layer of 
film is thus completed. 

[0156] As shown in Figure 5, an interlayer insulation film was formed on the substrate 
(sample) on which circuits are formed, following the method used for this embodiment. 
[0157] The sample was prepared as follows. A 1pm thick thermally oxidised silicon 
oxide film 402 was formed on a silicon substrate on which elements are formed (not 
shown) and 0.4 - 0,9pm of an Al - l%Si - 0.5%Cu film (aluminium alloy film), is 
deposited on this an aluminium alloy film 403, which connects to the upper elements. 
Next, the aluminium alloy film is worked with conventional photoelectric light method 
and reactive ion etching (RIE), to form the aluminium alloy circuits 403 (Figure 5(a)). 
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Aluminium alloy circuits 403 are connected to the said elements via a contact hole 
formed in the thermally oxidised silicon oxide film 402. 

[0158] This substrate 401 is placed on the substrate supporting stand 303 in the vacuum 
chamber 301, as shown above, and the insulation film 405 is formed following the 
procedures described above (Figure 5(b)) . 

[0159] The film-forming conditions are, for example, of a TMS flow of 20cm 3 /min, an 
oxygen flow rate of 200cm 3 /min„ an deposition pressure of 0.2 Torr, microwave 
electrical power of 200 Watt, substrate temperature of -30°C and an application time of 2 
minutes. 

[0160] At this time, the deposition time of the insulation film 405 in the groove 404 was 
approximately 0.1— 0.5jLim/min. When this material was examined using a scanning 
electron microscope SEM, as shown in Figure 5(b), the interlayer insulation film 204 
liquid was observed to be deposited like water in a shallow cup in the bottoms of the 
trench grooves 404 between the circuits 405 and there are no evident voids in the 
insulation film 405 formed between the circuits 404. 

[0161] Next a Si02 film 406, approximately 0.5 — 1pm thick, was deposited by parallel 
flat-plate plasma CVD using conventional tetraethoxy silane (TEOS) and oxygen (figure 
5(c)). 

[0162] Next a via hole was formed in the Si02 film 406 for the aluminium alloy circuit 
403 and then a second layer of aluminium alloy circuits was formed. Subsequently, the 
same procedures could be repeated to add the necessary layers of circuits. Since the 
insulation film 405 has viscosity, it is preferable that it should not be applied thickly to 
the aluminium circuits. 

[0163] The characteristics of this embodiment are, as shown in Figure 5(b), that the film 
thickness a of the insulation film 405 deposited on the aluminium circuits 403 and the 
film thickness b of the insulation film 405 deposited in the grooves 404 are different. 
Thus the thickness b of the insulation film 405 deposited in the grooves 404 is thicker 
than the film thickness a of the insulation film 405 deposited on the aluminium alloy 
circuits 403. 

[01 64] Figure 6 shows the relationship between film thickness a and the film thickness b. 
As shown in the figure, during the time it takes for the groove 104 to be completely 
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filled, film thickness b is sufficiently greater than film thickness a. In order to do this, if 
the deposition of the insulation film 405 is halted at the position marked by x in the 
figure, the grooves 405 are filled almost completely with the insulation film 405 while 
almost no insulation film 405 is deposited on the aluminium alloy circuits 403. 
[0165] Figure 5 shows insulation film 405 formed thinly on the upper surface of the 
aluminium alloy circuits 403 but formed solely on the thermally oxidised silicon oxide 
film 402 between the aluminium alloy circuits 403. 

[0166] Since the insulation film 405 of this embodiment has a specific dielectric constant 
lower than that of conventional silicon oxide film, if the insulation film 405 is used solely 
between the circuits, this is linked with a reduction in the volume of the gaps between the 
circuits in a transverse direction. 

[0167] Since this insulation film 405 has viscosity, it is softer than silicon oxide film. 
This is both an advantage and disadvantage for this insulation film 405. The fact that it 
has greater electrical reliability is due to its lack of the thermal stress that conventional 
silicon oxide films have and the consequent lack of the problems arising from thermal 
stress. 

[0168] On the other hand this softness also causes problems in subsequent processes. 
One example of these is furnished by a case in which an insulation film 405 is formed 
over the entire surface of a first layer of aluminium alloy circuits and an aluminium alloy 
film, which will be made into a second layer of aluminium alloy circuits, is deposited by 
a conventional magnetron sputtering method, when the insulation film 405 is wrinkled by 
the heat during sputtering, making it impossible to achieve a consistent deposition of 
aluminium alloy and making it impossible to perform any subsequent processes. 
[0169] By contrast, in the present embodiment, the soft insulation film 405 is present 
mainly between the aluminium alloy circuits, and the Si02 film 406, formed by 
conventional CVD, is on top of and in contact with the aluminium alloy film. Actually 
some soft insulation film 405 may be expected to be present on the aluminium alloy 
circuits but in the present embodiment, it is not detectable when this is examined using an 
electronic scanning microscope (SEM). Furthermore, since the surface of the insulation 
film 405 is an Si02 film formed by conventional plasma CVD, it causes no problems for 
subsequent processes. 
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[0170] This description of the present invention concerns a combination of TMS and 
oxygen but the same effect may be obtained if 3 apart from TMS, the organic silane may 
be, for example, tetraethyl silane (Si (C2H 5 ) 7 ), tetramethoxysilane (Si (OCEb^X 
tetraethoxy silane (Si (OC 2 H 5 )4)» hexamethyldisiloxane (Si2 O (CH 3 ) 6 ), 
tetraisopropoxysilane (Si (i — 03117)4) or other alkoxysilane is used. A similar effect may 
also be achieved if xylene, phenyltrimethylsilane or diphenyltrimethylsilane is used. 
[0171] A similar effect may also be achieved is a compound containing oxygen as a 
constituent element is used. This may be, for example, CO, C0 2 , NO, N 2 O s H 2 0 and 
H 2 0 2 . 

[0172] Embodiment 4 Figure 7 shows a sectional process diagram showing the method 

of manufacturing the semiconductor device according the embodiment 4. 

[0173] First, as shown in Figure 7(a), a lfim-thick thermally oxidised silicon oxide film 

502 is formed on a silicon substrate 501 and then a 0.9jjm-thick aluminium alloy film, 
which will become aluminium alloy circuits 503, is deposited by a conventional 
sputtering method and then the aluminium alloy film is patterned using conventional 
photoelectric light and reactive etching to form the aluminium alloy circuits 503. 
[0174] In the figure, 504 is a groove between the circuits. The aluminium alloy circuits 

503 are connected to the elements (not shown) formed on the silicon substrate 501 via a 
contact aperture (not shown) formed in the thermally oxidised silicon oxide film 502. 
[0175] Next, an insulation film 505 is formed on the silicon substrate 501, as shown in 
Figure 7(b), following the procedures shown in the embodiment, formed under the film™ 
forming conditions of a TMS flow of 20cm 3 /min, an oxygen flow rate of 100cm 3 /min„ a 
deposition pressure of 0-2 Torr, microwave electrical power of 500 Watt and substrate 
temperature of room temperature (R.T.). These film-forming conditions are an example 
of possible conditions and film-making is not limited to these conditions, 

[0176] In such conditions, in which oxygen radicals are relatively readily generated, as 
shown in Figure 7(b), it is easy to create a conformal shape. Circumstances in which 
oxygen radicals are readily generated, means a region when, if the TMS flow rate is the 
same, the oxygen flow rate is great, a region where the microwave energy is great and a 
region where the substrate temperature is at the high end of the said range (room 
temperature). 
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[0177] Examination using a scanning electron microscope( (SEM) showed, as in Figure 
7(b), that the thickness of insulation film 505 was approximately the same in the base of 
the grooves 504 as on the circuits 503. 

[0178] The characteristic of this embodiment is not the fact that the thickness of the 
insulation layer 505 in the bottom of the grooves 504 is the same as that on the 
aluminium alloy circuits 503 but that there is some thickness (0. 1 ~ 0.5jim) of the 
insulation film 505 on the aluminium alloy circuits 503. It is preferable for the insulation 
film 505 to fill the gaps between the aluminium alloy circuits in order for the volume of 
the gaps in the transverse direction between the circuits to be reduced. 
[0179] Next, as shown in Figure 7(c), the substrate is removed from the vacuum chamber 
and a S1O2 film 506, 0.5 ~ L0 Jim in thickness, is formed over its entire surface using a 
conventional plasma CVD method. In order to improve the filling of the grooves 504, it 
is preferable to form the Si0 2 film 506 by plasma CVD after an insulation layer, for 
example, 0.2 ~ 0.6 |im in thickness, has been deposited using organic silane and O3 on 
part of this. 

[0180] Subsequently and by conventional methods, the upper layer aluminium circuits 
are formed. Thus, contact holes for the aluminium alloy circuits 503 are formed in the 
desired locations and then a 0.4 - 1 .Ojim thick aluminium alloy film, which will become 
the aluminium alloy circuits, is formed and then is patterned by conventional 
photoelectric light and reactive ion etching to form the upper layer aluminium alloy 
circuits. 

[0181] Finally, a 0.5 - 1 .Ojjm thick Si0 2 film is formed by plasma CVD and a pad 
formed. 

[0182] The semiconductor device (sample) thus obtained was subjected to an electrical 
reliability test. The results of this showed that the failure rate due to stress migration was 
markedly lower than that observed in semiconductor devices of the prior art. 
[0183] This is thought to be because, since the insulation 505, which has viscosity, is in 
contact with the aluminium alloy circuits 503, although the Si02 film 506 which is 
subsequently formed by plasma CVD, does have some thermal stress, the thermal stress 
applied to the aluminium alloy circuits 503 is mitigated. 
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[0184] In this embodiment, one characteristic is that an insulation film 505 approximately 
0. 1 - O.Sfun in thickness, is formed on top of the aluminium alloy circuits 503. That is 
the tops and sides of the aluminium alloy circuits 503 are covered with a soft insulation 
layer 505. 

[0185] With this structure, it is possible to mitigate the thermal stress of the SiC>2 film 
506 being formed by plasma CVD on top of the insulation film 505 and thus inhibit stress 
migration. 

[0186] Another characteristic of this embodiment is that not all of the interlayer 
insulation film is the insulation film 505. An increase in galvanic stress results not only 
in greater stress migration but also electromigration, which is a major causal factor in 
deterioration in the electrical reliability of aluminium alloy circuits. 
[0187] One countermeasure against this is a design in which a TiN barrier layer is placed 
above and below the aluminium alloy circuits. In this structure, the aluminium atoms of 
the aluminium alloy circuits to which galvanic stress is applied migrate in the direction in 
which the galvanic stress is applied. 

[01 88] The aluminium atoms that migrate downstream become excess atoms for the 
downstream aluminium alloy circuits. Since there is a TiN barrier layer above and below 
the aluminium alloy circuits, they propagate along the weaker parts of the insulation films 
which are transversely contiguous to the aluminium alloy circuits to form transverse 
hillocks. 

[0189] When these transverse hillocks develop markedly, they come into contact with the 
neighbouring aluminium alloy circuits and cause electrical short circuits. 
[0190] If the gaps transverse to the aluminium alloy circuits are completely filled with 
soft insulation film 505, there is a decrease to the resistance between these hillocks. If, 
however, as in this embodiment, soft insulation film 505 is used only in the regions in 
contact with the aluminium alloy circuits and the rest of the gaps between the aluminium 
alloy circuits is filled by the Si02 film 506 of the prior art, there is no deterioration in the 
resistance to hillocks. 

[0191] (Embodiment 5) Figure 9 shows a sectional process diagram of the method of 
manufacturing the semiconductor of Embodiment 5 of the invention. 
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[0192] Figure 9 (d) shows an semiconductor device obtained using the manufacturing 
method of this embodiment. In the figure, 701 is a silicon substrate with the elements 
removed and the elements formed. Silicon oxide film 702 is formed on this silicon 
substrate 701. Circuits 703 1, 7032 and 7033, of optional pattern, are formed on this 
silicon oxide film 702. These circuits 703 i, 7032 and 7033, are connected electrically 
through contact holes (not shown) formed in the silicon oxide film 702, to the elements 
(not shown) formed on the surface of the substrate. 

[0193] These circuits 703 1, 7032 and 7033, are covered by the insulation layer 704 
according to the invention and circuits 705 are formed on the insulation layer 704. This 
circuit layer 707 is connected electrically to the circuits 703 through via-holes formed in 
the insulation layer 704. The material of these circuits 703 1, 703 2 and 703 3 , is an 
aluminium - silicon 1% - copper 0.5% alloy. 

[0194] Figure 8 is a simplified diagram of the structure of a semiconductor 
manufacturing device used in this embodiment. In this manufacturing device, the 
insulation layer 704 is formed by condensation CVD. In the figure 601 is a vacuum 
chamber which may be evacuated to a profound vacuum through the exhaust port 602. 
The vacuum attained is at least 2 x 10" 7 > For simplicity, the exhaust equipment is not 
shown. 

[0195] A substrate supporting stand 603 is fitted inside the vacuum chamber 601 to 
support a substrate and a silicon substrate 604 is placed on this. 

[0196] Tubes are connected to the vacuum chamber 601 for the supply of various gases. 
Oxygen gas, hydrogen gas, carbon monoxide gas, nitrogen gas an other process gases and 
purge gases are supplied by tube 605, TMS by tube 615 and nitrogen gas by tube 630, 
each of which is connected to the vacuum chamber 601, 

[0197] To the tube 605, which supplies the various gases (the gas sources are not shown, 
for simplicity), are fitted, in order from the top, valves 606i to 6O69 and mass flow 
controllers 607 1 to 6079. 

[0198] The tube 605 is connected to a sapphire tube 611 via a valve 608 and attachment 
609 and the sapphire tube 61 1 is connected to the vacuum chamber 601 via an attachment 
612. 
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[0199] The tube 605 is also connected to an ozoniser 653 via valves 651 and 652, When 
ozone is used, the valve 608 is closed and the raw material gases pass through valve 65 1 
to the ozoniser 653 and gas containing ozone is fed through valve 652 to the tube 605, 
[0200] The raw material gases that may be fed to the ozoniser 643 are preferably oxygen 
gas, a mixture of oxygen gas and nitrogen gas and a mixture of oxygen gas and carbon 
dioxide gas. 

[0201] In the course of the sapphire tube 611 is fitted a discharge electrode 610 
for generating plasma by microwave discharge (for simplicity, the microwave power 
source and microwave system are not shown). 

[0202] A light source 654 is fitted near to the sapphire tube 61 1 to excite the gas flowing 
through the tube. The excitant light is preferably ultraviolet light, which causes atomic 
excitation of the gas in the tube. 

[0203] The tube 615 which supplies TMS (for simplicity, the TMS source is not shown) 
is connected to the vacuum chamber 601 via a valve 616, mass flow controller 617, valve 
618 and stainless steel tube 619. The mass flow controller 617 may be replaced by a 
needle valve if precise flow control is possible. 

[0204] For the nitrogen gas flowing in the tube 630 (for simplicity, the source of the 
nitrogen gas is not shown) is fed into the vacuum chamber 601 to adjust the internal 
pressure either in order to restore the pressure in the vacuum chamber 601 to atmospheric 
pressure for the substrate to be moved in or out or to reduce the time required to restore a 
cooled substrate 604 to room temperature. This nitrogen gas may also be fed to adjust 
the pressure when the insulation layer is deposited. 

[0205] The tube 630 is also connected to the vacuum chamber 601 via a valve 631, mass 
flow controller 632 y valve 633 and tube 634. 

[0206] Copper tubes 635 and 635' (635 is on the supply side of the gas and 635' on the 
exhaust side) are fitted inside the stainless steel substrate supporting stand 603. The tube 
635 is connected to supply devices for nitrogen gas that has been cooled by being passed 
through a cooling medium and room-temperature nitrogen gas (for simplicity, the 
nitrogen source and nitrogen gas cooling devices are not shown). 
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[0207] A sheath heater 636 is fitted as a heat source to heat the substrate supporting stand 
603 (for simplicity, the power source for this is not shown) and the substrate supporting 
stand 603 is heated to the desired temperature by this sheath heater 636. 
[0208] The walls of the vacuum chamber 601 have a double structure and are fitted with 
a heat source 641 and heat insulating material 642 in order to maintain consistency of the 
temperature distribution of the gas in the vacuum chamber 601. (For simplicity, the 
power source for these is not shown). 

[0209] A light source 655 used in the process to raise the viscosity of the insulation at 
the microwave film surface region and a microwave generation power source 656 are 
fitted inside the vacuum chamber 601 . The light source used may be, for example, an 
infrared light source of wavelength 2.6 ~ 3.3(im or an ultraviolet light source of 
wavelength 142 ~ 308 nm, both of which are effective as a light source for raising the 
temperature of a substrate. The light source 655 and microwave generation power source 
656 may be used singly or as combination of multiple light sources and microwave 
energy sources. 

[0210] The method of forming insulation films based actual procedures is described 
below with reference to figures 8 and 9. 

[021 1] First, the vacuum chamber 601 is restored to atmospheric pressure, and a 
substrate 604 is placed on the substrate supporting stand 603. At this time the silicon 
substrate may also be moved automatically from a preparatory chamber, which has been 
evacuated, into the vacuum chamber 601, using a robot arm. The circuits 703 1 ~ 7033, for 
example, are formed on the substrate 204 

[0212] Next the interior of the vacuum chamber 601 is evacuated via exhaust port 602 to 
the target vacuum. The degree of attained vacuum at this time is to be higher than 1 X 
10 7 Toir. 

[0213] Next, cooled nitrogen gas is allowed to flow between copper tube 635 and copper 
tube 635% and this cools the silicon substrate 204. The temperature of the substrate 
supporting stand 603 is set to be in the range -100 to 25°C. The temperature of the silicon 
substrate 4 at this time is to be in the range -80 to 25°C. 
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[0214] Next, after it is confirmed that the substrate temperature has stabilised at the 
specified temperature, the TMS mass flowmeter 617 is set at 1 ~ 100 cm 3 /min 3 the stop 
valves 616 and 618 are opened and TMS is introduced into the vacuum chamber 1 . 
[0215] Furthermore, the oxygen mass flow controller 607 is set to approximately 1 ~ 
1000 cm 3 /min 3 the valves 606 and 608 are opened and oxygen (0 2 ) is introduced into the 
vacuum chamber 601 . 

[0216] At this time, the pressure inside the vacuum chamber 601 can be kept at 
approximately lOmTorr ~ 500 Torr by varying the conductance of the exhaust port 602. 
In detail the TMS partial pressure is 2-200 Torr and the oxygen partial pressure is 2-400 
Torr. 

[0217] After the oxygen flow has been stabilised, microwave power is applied at 
100-5000 Watt to the discharge electrode 610 to cause an oxygen microwave discharge, 
as shown in Figure 9(b). An insulation film, comprising a reactive compound of oxygen 
plasma and TMS is deposited on the silicon substrate 704 so as to cover circuits 703 1 ~ 
703 3 . 

[0218] This deposition is ended by the following procedures. 

[0219] ] First the output of microwave energy is ended and the microwave discharge 
stopped. 

[0220] Next, stop valves 616 and 618 are closed and the supply of TMS stopped and 
then the valves 606 and 608 are closed and the supply of oxygen stopped. 
[0221] Next the supply of cooled nitrogen gas along the copper tubes 635 and 635 5 is 
stopped by the procedures described below and room temperature g^s is allowed to flow. 
[0222] At this time, the nitrogen mass flowmeter 632 is set to l~101/min 3 the valves 631 
and 633 are opened and nitrogen gas is introduced in the vacuum chamber 601 from the 
tube 634 and the silicon substrate is returned to approximately room temperature with the 
pressure in the vacuum chamber 601 at almost atmospheric pressure. 
[0223] Finally, the interior of the vacuum chamber 601 is returned to atmospheric 
pressure, the silicon substrate 604 is removed and, if necessary, the next silicon substrate 
is placed on the substrate supporting stand 603. The forming of one insulation film is 
thus completed. 
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[0224] During the forming of the said insulation film 704, the specific process conditions 
are, typically, a TMS flow of 20cm 3 /min, an oxygen flow rate of 200cm 3 /min, a 
deposition pressure of 0.2 Torr, microwave electrical power of 200 Watt, substrate 
temperature of -30°C. The deposition rate of the insulation film 301 at this time is 
0.5[im/minute. 

[0225] The discharge time is 40 minutes and a insulation film 704 2|um thick was 
formed. The viscosity of the insulation film 301 was less than 10,000 cp and it was soft 
enough for a pinset to be inserted easily. 

[0226] Next, as shown in Figure 9(c), for example, the viscosity of the area of the 
insulation film 704 near the surface was selectively increased, following the method 
described below, after a via hole 706 to the circuit 703 2 had been formed in the insulation 
film 704. 

[0227] First, a substrate 704 is again placed in the vacuum chamber 601 . 
[0228] Next, for example, the hydrogen flow rate is set to 150cm 3 /min using the mass 
flow controller 607e, and then the valve 6066 is opened and a 200W high frequency is 
applied to the discharge electrode 610 and hydrogen plasma passes along a sapphire tube 
611 into the vacuum chamber 601 and also the substrate 704 is heated to* for example, 
300°C by the heater 636. Thus, the substrate 704 is exposed for, for example, 10 minutes 
in a hydrogen plasma atmosphere. The pressure in the vacuum chamber 601 is, for 
example 1 Torr. 

[0229] Next nitrogen gas is passed from copper tube 635 to copper tube 635' and 
nitrogen gas if fed into the vacuum chamber 601 from the tube 634 by the same 
procedures as described above. After the substrate temperature reaches near room 
temperature, the substrate 704 is removed from the vacuum chamber 601 . 
[0230] The insulation film 704, which has been subjected to a process to increase the 
viscosity near the surface, has a viscosity of above 10,000 cp and is too hard to be readily 
penetrated by a pinset. 

[023 1] Finally, as shown in Figure 9(d), circuit 703 at the bottom of the contact 
aperture706 is cleaned by an appropriate cleaning process and then a metal layer, which 
will become the circuit 705, is formed by magnetron sputtering on the insulation film 
704. Then the said metal layer is treated with photoelectric light and reactive ion etching. 
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[0232] Sections of a semiconductor device formed by the method of this embodiment 
and of the semiconductor formed by the technique of the prior art, in which no viscosity 
increasing treatment of the part near the surface has been carried out, were examined 
using a scanning electron microscope. 

[0233] The results of this showed that the semiconductor of the present embodiment, as 
shown in Figure 9(d), was well shaped, including the shapes of the upper surface and the 
side-wall of the contact aperture706. Steep surfaces due to change in viscosity are 
observable at locations approximately 0. l|jm from the side surface of the insulation film 
704 and approximately 0.05pm from the side wall of the contact aperture 706. The 
insulation film 704 fills the grooves between the circuits and the level differences 
between the circuits completely and without gaps. 

[0234] By contrast, in the semiconductor formed by the method of the prior art, although 
the insulation film 704 fills the grooves between the circuits and the level differences 
between the circuits completely and without gaps, since the side surfaces of the insulation 
film 704 and side walls of the contact aperture706 have not been treated to improve 
viscosity, the surfaces show small irregularities. Since the viscosity of the insulation film 
itself is low, the shape of the contact aperture706 is deformed. 

[0235] An electrical reliability test was also performed on the semiconductor device of 
this embodiment and the semiconductor device of the prior art and it was found that the 
circuit life of the semiconductor device of this embodiment was approximately 10% 
longer than that of the semiconductor device of the prior art. 

[0236] One reason for this difference is deterioration of the semiconductor device of the 
prior art. For example, surface irregularities of the insulation film 704 caused by the 
plasma used in magnetron sputtering and other sputtering methods, leak currents caused 
by breaks in chemical bonds of the constituent molecules of the insulation film 704 and 
circuit contact failures due to deformation of the contact aperture 706, are inhibited by 
the viscosity increasing treatment of the area near the surface of the insulation film 704 
performed in the present embodiment 

[0237] Comparison between the insulation film of the prior art and the insulation film 
formed by the method of the present embodiment was made by forming each of these on 
a flat-surfaced silicon substrate. 
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[0238] One of these was an insulation film (with viscosity less than 10,000 cp) formed by 
conventional condensation CVD and the other was an insulation film formed by a similar 
condensation CVD method, but which had also been subjected to prolonged viscosity- 
increasing treatment as described above so that a majority of the film had a higher 
viscosity (of at least 1 0,000). 

[0239] Atomic composition tests, using a combination of transmission Fourier transform 
infrared spectroscopy, chemical wet methods, atomic absorption analysis and mass 
analysis, and water absorption tests were performed on these insulation films and it was 
found that, within the detection limits, the films had the same properties. 
[0240] The main absorption peaks detected by infrared spectroscopic analysis were a Si - 
O - Si elastic vibration peak and a Si - CH 3 elastic vibration peak. The strength ratio of 
the Si - CH 3 peak to the Si - O - Si peak was 10 - 50% in all insulation films. In all 
insulation films, an H 2 0 peak was evident when the target vacuum in the vacuum 
chamber 601 was low. This indicates that the vacuum in the vacuum chamber should be 
as high as possible. In the chemical wet test, all the insulation film on the silicon 
substrate was dissolved and evaluated by atomic absorption and mass analysis. It was 
found that the proportion between constituent C and Si was 1 . 1 : 1 to 20 : 1 . In all 
insulation films, the carbon content was greater, 

[0241] Evaluation of water absorptivity showed that no insulation film absorbed 
appreciable quantities of water wheh left in atmosphere for 2 days. When the insulation 
films were heated to 650°C in a total vacuum and the gases given off were analysed by a 
mass analyser, it was found that, although H 2 0 was weakly detected at 300°C and there 
was a subsequent H 2 0 related peak between 300 and 600°C, no H 2 peak was detected. 
[0242] It is clear from these results that the overall properties of an isolation film formed 
by condensation CVD are not greatly changed when the viscosity is increased in the 
regions near the surface. 

[0243] Therefore, the excellent properties of low dielectric constant and low hygroscopy 
possessed by insulation films of the prior art that are formed by condensation CVD do 
not deteriorate when viscosity is increased in the regions near the surface. Rather, when 
it is treated to increase viscosity, the bonds between the molecules near the surface are 
strengthened and this tends to further lower the dielectric constant and hygroscopy. 
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[0250] The viscosity increasing process on the regions of an insulation film 704 solely 
near its surface after it has been deposited by condensation CVD should preferably be 
performed in the same vacuum chamber to prevent damage to, or adsorption of fine 
particles etc to, the insulation film 701 when it is moved. 

[0251] In this embodiment the technique used is one in which TMS and oxygen radicals 
are reacted in a gaseous phase and the product is condensed on the surface where the 
deposit is to be placed (condensation CVD). The product is thought to be a 
polymerisation product of organic silane and oxygen radicals. The starting material 
organic silane monomer may also be an organic silane other than TMS. This may be, for 
example, tetraethylsilane, tetramethylsilane, tetraethoxysilane, hexamethyldicyloxane or 
tetraisopropxysilane. In addition to oxygen gas, the oxygen radical that is reacted with 
organic silane may be, for example, ozone, CO, CO2, NO, N2O, NO2, H2O2 and the like. 
[0252] In this embodiment an organic radical atmosphere may be used to increase the 
viscosity of the insulation film near its surface after it has been formed by condensation 
CVD. 

[0253] The actions of this are that a reaction is caused between side chains, Si terminals, 
O- terminals and other reactive parts and polymerisation products of organic silane and 
oxygen radical (e.g. (-Si ( R 1 R 2 ) — O where R 1 and R 2 are side-chains), causing 
polymerisation cross-linking between or within the molecules that constitute the 
insulation film 704, making the structure of the insulation film stronger. 
[0254] This strengthening by crosslinking is a requirement for insulation films from the 
point of view of semiconductor device technology. It also promotes the lower dielectric 
constant and low hygroscopy of the insulation film. 

[0255] In ligjit of this action, it is possible that when the process to increase viscosity 
near the film surface is performed, it may also involve something other than oxygen 
radicals. 

[0256] Another means whereby the cross-linking may be caused in an insulation film 
704, formed by condensation CVD, and increase its viscosity solely in areas near the 
surface may be one in which active substances that contain oxygen atoms are supplied to 
the areas near the surface of the insulation film 704. This may be, for example, plasma 
ozone of a gaseous atmosphere containing molecules with oxygen atoms. 
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[0257] Here, molecules with oxygen atoms, may be, for example, comprised of elements 
that are the same as the elements in the insulation film 704 (such as CO and CO2) or 
those that are comprised of elements that are present in the isolation film 704 and 
elements that readily dissociate from the insulation film 704 (e.g. NO, N02, H2O 
andH 2 0 2 ) 

[0258] Hydrogen radicals may also be used to increase the viscosity of an insulation film 
704 solely in areas near the surface. The actions of these on the constituent molecules of 
the insulation film 704 (e.g. (— Si (R*R 2 ) — O -)n ; where R l and R 2 are side-chains) are 
such that that a reaction is provoked in the Si - O - network so that R 1 — Si and R 2 - Si 
are each detached, as R 1 - H and R 2 - H, from the Si — O — network, further 
strengthening the chemical bonds in the insulation film, 

[0259] A method in which specific functional groups in the insulation film 704 are 
vibrated and excited to promote their reaction may be used to increase the viscosity of a 
insulation film 704 solely in areas near the surface. It is preferable to use excitation light 
on OH bonds, which are thought to be present in very small amounts in the insulation 
film 704 to be a factor in low viscosity of the film. 

[0260] The light that has an effect on viscosity increase corresponds to the absorption 
wavelength of the OH bond. This is approximately 2.6 ~ 3.3]LLm infrared light. Infra red 
length with a wavelength of 33 - 3.5 pm s which excites CH bonds thought to be in the 
side chains R 1 and R 2 , is also effective in increasing viscosity of insulation film 704. 
[0261] It is also effective to irradiate the film with ultraviolet light to excite the atoms of 
the insulation film in order to increase the viscosity near its surface. In particular, 
ultraviolet light with a wavelength of 142 — 308nm has been markedly effective. An 
exima lamp has been used but other light sources may also be used. 
[0262] The part near the surface of the insulation film alone may be heated to increase the 
viscosity near the surface of the insulation film 704. 

[0263] For example, if a substrate on which an insulation film 704 with low viscosity is 
formed is exposed to microwaves, the water molecules present in the structure of the area 
near the surface are excited and the area near the surface alone is heated, promoting a 
cross-linking reaction between the constituent molecules of the insulation film 704. 
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[0264] The atmosphere in which this reaction takes place should be a gas, such as 
nitrogen gas or argon gas, that does not inhibit cross-linking or a reduced-pressure 
atmosphere. It may also be a gas atmosphere containing molecules that have oxygen 
atoms which are active in promoting the cross-linking reaction which is generated by 
microwaves. 

[0265] For example, a rapid heating device using infrared lamp heating may be used. If 
the rate of heating is too slow when this is used, not only the surface layer but also deeper 
parts of the insulation film 704 are heated and the cross-linking reaction occurs in these 
parts. This is not preferable as stress is applied to circuits 703i~703 3 . which are below 
the insulation film 704. 

[0266] If it is considered that the specific heat, heat conduction rate and cross-linking 
reaction of an insulation film 704 are temperature-dependent, it is necessary that the rate 
of temperature rise is at least approximately 10°C per second. The temperature reached 
should preferably be at least 450°C to 700°C. After the substrate has reached this 
temperature, it is preferable to reduce the temperature rapidly to 450°C or below in order 
to prevent thermal deformation of the circuits 703 1 - 7033- 

[0267] As will be described below, in the various methods of increasing the viscosity of 
the area of an isolation film near its surface, the various process conditions, including the 
raw materials, and viscosity, of the insulation film 704, the depth at which the viscosity is 
increased, final viscosity and, when' necessary, processing temperature, gas pressure, gas 
flow rate, discharge output, light quantity, processing time and rate of temperature rise, 
may be varied as appropriate. 

[0268] Figure 8 shows the structure of one device suitable for processes such as the 
viscosity increasing processes described above and processes to increase the viscosity of 
an insulation film but, when necessary, a part of the structure of the device shown in 
Figure 8 may also be used. For example, the part used for the increase of viscosity in 
areas near the surface of an insulation film may be distinguished from the part used for 
depositing an insulation film and only the necessary part is then used, 
[0269] A silicon substrate is used in the present invention but other substrates, such as 
GaAs substrate, ZnSe substrate and SOi substrate, may also be used. 
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[0270] In the present embodiment, the process of forming contact apertures selectively in 
the insulation film 704 is performed by a separate device but it is also possible to use a 
device that performs the process of depositing the insulation film, increasing the viscosity 
of areas near its surface, and forming contact apertures continuously with vacuum 
maintained. This series of processes may be performed in the same vacuum chamber. 
[0271] As has been described below, in methods in which crosslinking reaction is 
provoked in the insulation film 704 with low viscosity, either on its surface or near the 
side wall of the contact aperture 706, in order to increase the viscosity of areas solely 
near the surface or near the side wall of the contact aperture 706, the viscosity may 
increased in deeper parts of the insulation film 704, which is undesirable as stress is 
applied to circuits 703 1 ~ 7033. 

[0272] If the maximum film thickness of insulation film 704 in order to prevent stress 
being applied to circuits 703 1 ~ 7033, is 7max> and the maximum distance from the 
surface of a insulation film 704 of the area in which viscosity is increased is d^, then it 
is preferable that, approximately, £/ max < 0.1 Tmax- 

[0273] In consideration of the minimum necessary value to prevent deformation of the 
insulation film 704 and damage due to plasma, and a value capable of effectively 
mitigating this deformation and damage, the distance d maX9 the maximum distance of the 
area in an insulation film 704 where viscosity is high from the surface or side wall of a 
contact aperture 706 should preferably be lOnm dm** 1 OOnm. 
[0274] As stated above, another means of achieving a structure with high viscosity near 
the surface is one in which, rather than increasing the viscosity of an area of an insulation 
film 704 with low viscosity (insulation film 1), mother insulation film with high 
viscosity (insulation film 2) may also be formed. 

[0275] When this is done, the thickness of the insulation film 2 may be varied optionally, 
not necessarily in the range of d^, as necessitated by the material of the insulation film 2 
and the design of the semiconductor device. Insulation film 2 should preferably be 
formed after the formation of the insulation film 1 and before the process in which the via 
hole is formed. It may also be formed after the formation of the via-hole. In such cases, 
it is possible to form the insulation film 2 on the bottom surface of the via-hole. If the 
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film thickness of the insulation film 2 formed on the base surface of the via hole is great, 
it is necessary to form a via hole again. 

[0276] in, for example the condensation CVD method used in the present invention, the 

process conditions used are such that the viscosity of the insulation film is increased for 

the insulation film 2, which has a higher viscosity that the insulation film 1 . 

[0277] Specifically, for example, the degree of polymerisation of the polymerisation 

product of organic silane and oxygen radicals may be increased, either by reducing the 

flow rate of starting material oxygen gas in comparison with the organic silane gas or by 

increasing the discharge output for the generation of oxygen radicals. 

[0278] The formation process for the insulation film 2 may be, for example, a 

tetraoxysilane (TEOS) — ozone method or a polymerisation process of organic substances 

to form a high-molecular film. 

[0279] The formation of insulation film 2, which is after the formation of insulation film 
1 , should preferably be performed continuously with vacuum maintained. If the substrate 
is exposed to atmosphere immediately after the deposition of the insulation film 1, there 
is a tendency for fine particles and moisture to be adsorbed to the surface of the film, 
which has low viscosity, and this may have an adverse effect on the film quality of the 
insulation film and the circuits formed on this. 

[0280] The formation of insulation film 2, which is after the formation of insulation film 
I, should preferably be performed in the same vacuum in order to prevent any damage 
which may be caused when the film is moved and adsorption of fine particles and 
moisture. 

[0281] After the formation of the insulation film 1 by condensation CVD and before the 
formation of the condensation film 2, a process may be performed in which the viscosity 
of the area near the surface of the insulation film is increased (insulation film 704). 
[0282] In this embodiment, the description has involved a case in which condensation 
CVD is used but methods other than condensation CVD of forming low-viscosity films 
may also be used. The properties of flow dielectric constant, low hygroscopy and low 
viscosity, which are required for an insulation film, are based on requirements such as 
high-speed reactivity of the circuits, thermal stress and height difference covering 
properties. 
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[0283] In particular, it is necessary to form an insulation film with low viscosity on the 
substrate as a countermeasure to deal with problems such as height difference covering 
properties, thermal stress and surface flatness. It is the object of the present invention to 
maintain the required properties of low dielectric constant, low hygroscopy and low 
internal viscosity while improving resistance to film damage and improvement of process 
precision, by forming a structure with high viscosity solely in an area near the surface of 
the film. 

[0284] However, the scope of the invention is not limited by the embodiments described 
above. For example in the above embodiments, the descriptions have involved the 
application of the present invention to interlayer insulation films but the present invention 
may also be applied to passivation films. 

[0285] In such cases ^ as shown in Figure 1 0, when a large area of passivation insulation 
film 805 is present in the vicinity of the bonding pad and near the peripheral circuits, a 
dummy pillar 806 is formed when circuit 803 is formed by patterning of the aluminium 
alloy film. Passivation insulation film 805 is formed by the same method as for the 
interlayer insulation film 204. 

[0286] A different material from the said silicon oxide film 804, such as plasma CVD 
silicon oxide film and silicon nitrate film, may be used to form the dummy pillar 806. 
[0287] The problem of deformation of the passivation insulation film 805 by the pressure 
applied to the circuits 803 during bonding and other processes., may be prevented by this. 
In the figure 801 is a silicon substrate and 807 is a via-hole, 
[0288] The same effect may be achieved by curing the surface of the passivation 
insulation film at a low temperate of no higher than 300°C instead of forming a dummy 
pillar 806. 
[0289] 

[Effects of the Invention] When the methods according to the invention are used, it is 
possible to produce an insulation film which has a good shape in a precise area and is 
capable of filling cavities. 

[Simple Description of the Figures] 
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[Figure 1] A typical diagram showing the simplified structure of a semiconductor 

manufacturing device according Embodiment 1 of the invention 

[Figure 2] A typical diagram showing the nitrogen gas feed equipment. 

[Figure 3] A typical diagram showing the simplified structure of a semiconductor 

manufacturing device according Embodiment 2 of the invention. 

[Figure 4] A typical diagram showing the simplified structure of a semiconductor 

manufacturing device according Embodiment 3 of the invention. 

[Figure 5] A process sectional diagram showing the manufacture of a semiconductor 

device according Embodiment 3 of the invention. 

[Figure 6] A figure showing the dependency of the film thickness of an insulation film on 
its foundation. 

[Figure 7] A process sectional diagram showing the manufacture of a semiconductor 
device according to Embodiment 4 of the invention. 

[Figure 8] A typical diagram showing the simplified structure of a semiconductor 
manufacturing device according Embodiment 5 of the invention 
[Figure 9] A process sectional diagram showing the manufacture of a semiconductor 
device according to Embodiment 5 of the invention. 

[Figure 10] A figure showing a method of preventing deformation of a soft passivation 

insulation film according to the invention. 

[Legend] 

1 . . . vacuum chamber 

2 . . . exhaust port 

3 . . substrate supporting stand 

4 . . . silicon substrate 

5, 15, 19, 30, 34 ... tubes 

6, 8, 16, 18, 31, 33 ... stop valves 
7 S 17 3 32 ... mass flowmeters 

9, 12 ... attachment 
10 ... cavity 
11 ... AI2O2 tube 
36 . . . sheath heater 
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35, 35 ' . copper tube 

41 ... heat source 

42 „ thermal insulation material 
101 ... tube 

102, 104, 105, 107, 110 ... stop valves 

103 ... mass flowmeter 

106, 109 ... branch tube 

108 ... spiral tube 

111 ... liquid nitrogen vat 

112... liquid nitrogen 

201 ... silicon substrate 

202 . . . silicon oxide film 

203 ... tube 

204 . . . interlayer insulation film 

30 1 ... vacuum chamber 

302 exhaust port 

303 ... substrate supporting stand 

304 . . . silicon substrate 
305,315, 330, 334... tubes 

306, 308,316,318, 331,333 ... stop valves 

307, 317, 332 ... mass flowmeter 
309,312 ... attachment 

310 ... cavity 

311 ... Al 2 0 2 film 
319... stainless steel tube 
335, 335' ... copper tube 

401 ... silicon substrate 

402 . . . silicon oxide film (insulation film 1) 

403 . . . aluminium alloy circuit 

404 . . . groove between circuits 

405 . . . silicon oxide film (insulation film 2) 



406 . . . Si0 2 film (insulation film 3) 

501 ... silicon substrate 

502 ... silicon oxide film (insulation film 1) 

503 ... aluminium alloy circuit 

504 . . , groove between circuits 

505 . . . silicon oxide film (insulation film 2) 

506 .. . Si0 2 film (insulation film 3) 

601 . . vacuum chamber 

602 . . . exhaust port 

603 . . . substrate supporting stand 

604 . . . silicon substrate 
605,615, 630, 634... tubes 
606i ~ 6O69 . . « valves 

608, 616, 618, 631, 633, 651, 652 ... valves 
607 1 ~ 6079, 617, 632 ... mass flow controllers 

609, 612 ... attachments 

610 . plasma generating discharge electrodes 

611 ... sapphire tube 
619 ... stainless steel tube 

635, 635 ' ... copper tubes 

636, 641 . . . heaters 

642 . . . thermal insulation material 

653 ... ozoniser 

654, 655 ... light source 

656 . . . microwave generating electrodes 

701 ... silicon substrate 

702 . . . silicon oxide film 

703 1 ~ 7033 - - - circuits (dielectric film 1) 

704 . . . insulation film 

705 . . . circuits dielectric film 2) 

706 . . . connection hole 



Figure 1 Figure 3 
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